Abstract. A maize-leguminous tree alley cropping system was studied on N-deficient soils in Hawaii to determine mulch effects on maize yields. Calliandra calothyrsus, Cajanus cajan,
Introduction
Alley cropping refers to the planting of crops in the spaces between hedgerows of trees or woody shrubs. Trees are pruned to minimize resource competition and maximize nutrient availability to the crop [Nair, 1984] . Green manure (GM), defined as leaves and green stems, supply nitrogen and other nutrients to the crop. The use of nitrogen fixing trees (NFTs) may reduce dependence on expensive chemical N fertilizers.
Green manure applied directly to the soil has significantly increased yields in maize [Guevarra, 1976; Kang, 1981 , Evensen, 1984 in cassava in rice [Evensen, 1989] and in leafy green vegetables [Chen et al., 1989] . Much of alley cropping research, however, has relied on Leucaena leucocephala hedges for green manure because of its rapid growth and hardiness. Unfortunately, the spread of Heteropsylla cubana, commonly known as the psyllid, has denuded many Leucaena leucocephala stands around the world [Escalada, 1987; Pan, 1987; Yantasath, 1987] . Thus, there is a need to identify other tree species appropriate for alley cropping.
Alley cropping trees, however, can compete with the crop for available light, nutrients, and water. Alley cropping experiments in India demonstrated significant water competition between L. leucocephala hedgerows and castor, cowpea, and sorghum [Singh et al., 1989] . Crop yields declined from 30 to 150% of the sole crop when distance from the hedge was reduced from 5 to 0.3 m. Similar yield reductions were also reported in a maize alley cropping in Nigeria, although shading was thought to have reduced yields because there were adequate amounts of moisture in the soil and few tree roots were found i meter from the row [Kang et al., 1981] .
The purpose of this paper is to evaluate a number of different leguminous trees and shrubs for alley cropping, by determining the relationship between nitrogen applied in green manure and maize yield for each species and by evaluating competition effects between the hedge and a maize crop.
Materials and methods
Two field studies were conducted in March and July 1987 on a very-fine, kaolinitic, isohyperthermic, Vertic Haplustoll (pH 6.1) at the University of Hawaii Waimanalo Research Station. The fields were irrigated once every two weeks throughout the course of the trials. A randomized complete block design was used with 14 trees per treatment in one long row spaced 0.5 m without the row and 3 m between the rows. The treatments were replicated four times with a harvest area of 6.0 m 2.
Yield data for the species plots were analyzed by covariance to determine if there were species differences in terms of N availability to the maize crop. Species was the categorial variable and N applied was the covariate in this analysis. Maize yield data were also collected from the row closest to the tree (tree row) and from the next adjacent row (middle row) to analyze competition by the trees. Covariance analysis was used to determine if the maize response to applied N was different in the tree and middle rows.
Trees used in these studies were Calliandra calothyrsus, Cajanus cajan,
. salvadorensis, and Sesbania sesban. Tree seedlings were inoculated by recommended Rhizobium strains (NifTAL Project) and grown in the greenhouse for three months before being transplanted to the field. During hedge establishment, three crops of field maize were grown between the tree rows without any N fertilizer to deplete the soil N. After harvest of the third N depletion crop, four soil samples were taken and analyzed for N, P, and K content. Using these results, 50 kg/ha of P and 150 kg/ha of K were broadcast uniformly over all treatments (supplied as Triple superphosphate and Muriate of potash) and incorporated along with a preemergent herbicide, Eptam (Sutan). The purpose of adding P and K was to isolate the N effects.
Nine months after sowing, the trees were coppiced at 50 cm and the GM tilled into the soil. Biomass was separated into GM and wood fractions; any branch with a diameter of 8 mm or greater was considered wood. Total N content was determined following the procedures of Nelson and Sommers (1980) . A field corn hybrid (Pioneer X304C) was planted a week after coppicing. In March, four rows of maize (2 data rows and 2 border rows) were planted 75 cm between rows and 15 cm between plants to give a plant population of approximately 60,000 plants/ha. Maize rows closest to the hedge were spaced only 37.5 cm away. In July, maize rows were planted at a 60 x 15 cm spacing, increasing the distance away from the hedge to 60 cm.
Trees were coppiced again seven weeks after maize planting in the March trial, but only five weeks after planting in the July trial. Green manure from this coppicing was broadcast on the soil surface, since mechanical incorporation was not feasible. Total nitrogen in green manure was also determined after this coppice.
Results

Hedge yields
Average green manure yields from the hedge ranged from 1.3 to 12.1 dry t/ha, with daily increments ranging from 2.9 to 45.8 kg/day (based on coppiced regrowth only) ( Table 1 ). S. sesban was the most productive tree C. cajan plots suffered heavy mortality after the first coppice which caused GM production to drop from 4.5 t/ha to under 5.0 t/ha (Table 1) . Only 13% of the plants survived the first coppicing (9 months after planting). The C. cajan plots had to be abandoned in the July trial.
Grain yields
Maize yield data for the March and July crops are listed in Figs. 1 and 2 , respectively. Maize yields were strongly correlated with N applied in both seasons. The slopes indicated that for every kg of N applied approximately 12 kg of maize grain was produced. S. sesban plots produced the best yields, averaging over 2.0 t/ha. Yields were very low compared to the 8 to 10 t/ha yields obtained on the same fields at Waimanalo, under high fertilizer levels ] Jong et al., 1982] . However, the 0.5-2.0 t/ha yields are typical of those in developing countries [Brewbaker, 1985] . 101.0 * Significance at 0.05 level of probability. ** Significance at 0.01 level of probability. *** Significance at 0.001 level of probability.
Combined analysis of variance with orthogonal contrasts for the two cropping seasons is presented in Table 2 [following McIntosh, 1983] . Effects of season were not significant, indicating that possible residual N values and differences in climate did not strongly affect maize yields. The interaction term of seasons × species was also not significant. Single degree of freedom comparisons were used to evaluate individual species plots. S. sesban, C. cajan, G. sepium, L. pallida, and KX1 plots were identified as high maize yielding plots, while C. calothyrsus, L. salvadorensis, and K584 were identified as low yielders. Since C. siamea does not fix nitrogen, it was also considered a control. High yielding plots produced significantly greater maize yields than from low yielding species plots. Within these high yielding plots, S. sesban produced the significantly highest maize yields, outproducing G. sepium which produced the second highest yields.
Results from covariance analysis indicated a highly significant N linear response, while species and the interaction term species*N were not significant in both the March and July crops (Table 3) . Thus, maize yields reflected the amount of N applied as GM, regardless of tree species from which the N was derived.
Effect of position
Maize yields in the tree row were significantly reduced in all species plots in the March experiment (Fig. 3) . S. sesban, which produced the most N as green manure, also competed the most with the maize crop. One kg of N produced 16 kg of grain in the middle row, while only yielding 7 kg of grain in the tree row. In July, maize yields in tree rows were significantly higher than in March (Figs. 3 & 4) . The slopes of maize yield versus added N increased from 6.7 in March to 11.2 in July, almost doubling the response to applied N. The slopes of maize yield versus added N in the middle row remained around 15 kg maize/kg N for the two trials.
Discussion
Leguminous tree species Sesbania sesban, Gliricidia sepium, Leucaena pallida and KX1 (L. pallida X L. diversifolia) produced the highest maize yields in this experiment and are worthy of further study. Sesbania sesban has also performed well in India [Dutt and Phathamia, 1986] , as well as East Africa [Oduol and Akunda, 1990] and is currently the most popular woody species among farmers in northern Rwanda [Yamoah and Burleigh, 1990] .
Gliricidia sepium hedges have provided significant amounts of green manure and fuelwood, while controlling weeds and stabilizing soil [IITA, 1983 [IITA, , 1984 [IITA, , 1986 and produced between 100 and 200 kg N ha-lyr -1 available for intercropped maize in alley cropping experiments in Nigeria [Yamoah et al., 1986] . Leucaena pallida, and KX1 trees have been less extensively researched, but both have performed well in research trials in Hawaii [Wheeler, 1988] .
Maize yields responded linearly to green manure N application for all species tested in this experiment. This result seemed surprising since some researchers have found large differences in N release from green manure of different nitrogen fixing tree species [Palm, 1988; Ogelsby, 1990] . Palm [1988] linked decomposition rates to polyphenol content in the green manure for a number of nitrogen fixing tree species. However, all species evaluated in this trial had relatively small leaflets and broke down rapidly in the soil. The question remains, however, whether this linear response to green manure N can be maintained over time. In a comprehensive 6 year study in Nigeria, maize yields declined over time at a rate of 340 kg ha -1 [Lal, 1989] . Lal concluded that maize yields could not be sustained by prunings alone. Yield reductions in the alleys compared to the control plots have also been found on acid soils in Indonesia [Evensen, 1989] and in Peru [Tropsoils, 1987] .
Possible causes for poor yields in alley cropping systems are competition for available light, nutrients and water between the hedge and alley crop. In the present experiment, maize yields decreased over 30% in the row close to the hedge, when spaced 37 cm away from the trees. Similar yield reductions in rows closest to the hedge have been reported in rice [Evensen, 1989] , cowpea, castor and sorghum [Singh et al., 1989] , as well as sweet potato [Yamoah and Getahun, 1990 ]. The present experiment indicated, however, that increasing the distance from the hedge to 60 cm and early coppicing time can considerably improve yields in rows closest to the hedge. Thus, careful management of the hedge and crop placement within the alley may increase maize yields in rows closest to the hedge.
Even with competition between the hedge and maize, these trials clearly indicated that significant amounts of N via green manure can be made available to a maize crop. Maize grain yield increased from 10-20 kg for each kg of N appfied as green manure; thus, assuming an average tropical maize grain yield of 1.2 t/ha [Brewbaker, 1985] , then an application of 50 kg N as GM could as much as double yield. In addition to improving maize yields, alley cropping would supply significant amounts of fuel wood or stakes to resource poor farmers.
